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Abstract

We presenta new object-orientedmodelfor a Perl package, basedon DamienConway’s “accessor” model. Our
modelincludesbothpublic andprivatedata; it usesstrategiesto reducea package namespace, but still maintainsa
robustanderror-trappedapproach. With this extendedmodelwecanmake anypackagedataor functions“private”,
aswell as“public”. (Note: “namespace”in this context meansall thenames,variablesandsubs,associatedwith a
package.)

Motivation and Background

For the pastsix monthswe have beenworking on a projectcalled“ILab: The InformationPower Grid Virtual Lab-
oratory”. This is a Perl programwhich providesa Perl/Tkuserinterfaceandgeneratesscriptsfor parameterstudies
beingrun on the Grid. (Note that the expression“Grid” is now beingusedto describethe world-wide network of
supercomputers,bothparallelandserial,thatscientistsareusingto run scientificproblemsthat involve datasetstoo
largeto fit on desktopsystems.)This programhasanextensiveuserinterface;we alreadyhave about15,000linesof
Perl, andwe anticipateabout50,000lines whenall optionsare implemented.With sucha large project, it became
relatively importantfor us to organizeour dataandoperationsinto packages,in orderto speedup developmentand
debugging.We have searchedthePerl literaturefor reliablemodelsto usefor ourpackages,andby addingsomenew
ideaswe havedevelopeda new object-orientedapproach.
Many Perlauthorshave lamentedthefactthatpackagemembervariablesin Perlcannotbecompletelyprotectedfrom
outsideaccess.In spiteof variousmethodsof “protecting”variables,thereis alwayssomewaythataprogrammercan
accesstheprotectedvariables.In comparison,variablesdeclaredto beprivatein C++ or Javacanonly beaccessedby
a class’s own functions,or by thefunctionsof a derivedclassor “friend” class(C++). Any attemptto accessprivate
variablesfrom outsidetheclasswill causeacompile-timeerror. In C++ andJava, thisdataprotectionis built in to the
languageitself; in Perl, dataprotectionhasto be constructed,anda adequateconstructionmethodhasnot yet been
presentedin the currentPerl literature. The methodswe have seenso far make it inconvenient,not impossible,to
accessdatamembersfrom outsideapackage.

Conway’s Accessor Model

Themostinterestingof thesemethodswaspresentedby DamienConway [1]. He describesa truly clever anduseful
way of creatinga Perl “closure” insidea constructorfunction. This package,calledSoldier (seeListing 1), illus-
tratesa methodfor hiding the datamembersof a Perl package,therebymakingthesemembersprivatein a manner
similar to C++ andJava. Thestrategy is thatusers(i.e., programmer-users)of packageSoldier cannotaccessthe
datamembersdirectly, only throughthe“get” or “set” functionsassociatedwith thosemembers.

In Conway’s example,the stringsname, rank andserial_num areput in an arrayandthenusedaskeys in
hash%data; theanonymoussubwhosereferenceis$accessor is theonly wayto accessthishash.Theanonymous
subis a closure,i.e., any local dataaccessedby this containedsubis madenon-transientaslong asthe referenceto
that subdoesnot go out of scope.Even though%data is a local (my) variable,it doesnot disappearafter the call
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to new returns. Thenew sub(which is packageSoldier’s constructor)thenblessesandreturnsthe anonymous
subreference,insteadof blessingandreturningthe%data hashas$self (the mostcommonlyusedPerl strategy
for creatingpackages).As a result,thereferencereturnedfrom thecall to new canbeusednot only to call thesubs
attachedto thispackage,but canalsobeusedto get/setthedatamembers.

Here,all datamembersexceptrank have beenprotectedfrom assignmentby puttingrestrictionsin theaccessor
sub,andby not providing setfunctionsfor them.This bringsConway’sSoldier packagevery closeto beingcom-
pletly object-oriented:a) thepackage’sdatamembersarenotvisible to outsideusersexceptasspecifiedby theget/set
functions,asthey wouldbein C++ or Java;b) thepackage’s interfaceis madeup of functions,not data

Listing1: Conway’sSoldier package

#------------------------------------------------------------------------------
package Soldier;
$VERSION = 1.00;
use strict;

use Carp;

my @attrs = qw(name rank serial_num);

sub new
{

my ($class, %args) = @_;
my %data;
@data{@attrs} = @args{@attrs};
my $accessor =

sub
{

my ($cmd, $attr, $newval) = @_;
croak "Invalid direct access: use the ${cmd}_$attr method instead"

unless caller()->isa("Soldier");
return $data{$attr}

if $cmd eq "get";
return $data{"rank"} = $newval

if ($cmd eq "set" && $attr eq "rank");
croak "Cannot $cmd attribute $attr";

};
bless $accessor, ref($class)||$class;

}
# These methods provide the only means of accessing object attributes
# (note that only rank can be changed)

sub get_name { $_[0]->(’get’,’name’) }
sub get_rank { $_[0]->(’get’,’rank’) }
sub get_serial_num { $_[0]->(’get’,’serial_num’) }

sub set_rank
{

my ($self, $newrank) = @_;
$self->(’set’,’rank’,$newrank);

}

no strict;
package main;

my $s = Soldier->new(name=>"ryan",rank=>"private",serial_num=>"1000000");

print $s->get_name(), "\n";
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print $s->get_rank(), "\n";
print $s->get_serial_num(), "\n";
$s->set_rank("general"), "\n";

$s->("set","rank","Colonel");
print $s->("get","serial_num");

print $s->get_name(), "\n";
print $s->get_rank(), "\n";
print $s->get_serial_num(), "\n";

#########################################################################
# #
# Copyright (C) 1999 by Manning Publications Co. All Rights Reserved. #
# #
# This code is free software. It may be used, redistributed #
# and/or modified under the terms of the Perl Artistic License #
# (see http://www.perl.com/perl/misc/Artistic.html). #
# #
#########################################################################
#-----------------------------------------------------------------------------

Accessor Closure

This is anamazingtrick! ThePerl interpreteris very flexible andthereferenceto $accessor still worksfor calling
thepackage’ssubs,eventhough$accessor is a referenceto ananonymoussub,insteadof a referenceto a$self
hash.And, it doesindeedmake thedatamembersprivate,i.e., not accessiblefrom outsidethepackage.However, it
hassomeunexpectedeffects: (1) somevariables(rank andserial_num) canonly besetthroughtheconstructor
call to new, and the assignmentin the constructoris not error-trapped;(2) thereareno public datamembers- all
datamembersareprivate;(3) the interfaceto the packageis only functions: no data(notethat this effect may be a
desirableone);(4) thepackage’sown subscan’t setany datamembersexceptrank: theerror-trapin theanonymous
sub,which is meantto preventoutsidesettingof datamembers,alsopreventsinsidesettingof thesamedatamembers;
(5) a packagederivedfrom Soldiercan’t have its own data,only its own functions(thePerl interpreterwon’t let you
treatthat$accessor valueasa$self hash).

Now, this is carryingprotectiontoo far; we don’t want to protectthe packagevariablesfrom the package’s own
functions.Furthermore,settingvariablesonly throughtheconstructormaynot bea gooddesign.

Some Design Requirements

We would like a designthatsatisfiesthefollowing considerations:(1) thepackage’s privatevariablesshouldbeonly
accessiblefrom outsidethroughget/setfunctions; (2) the package’s own functionsshouldbe able to freely access
all variables;the constructorshouldnot be the only function that cansetany privatevariable;(3) reasonableerror-
trappingandinitialization shouldbepossible;(4) largeamountsof code,or too many repetitionsof thesamepieces
of code,shouldbeavoided;(5) thenamespaceof thepackageshouldnot beundulyaffectedby theseconstraints(in
otherwords,weshouldnothaveto addtoomany functionsor variablesto ourpackagein orderto accomplishthisdata
hiding); (6) thedesignshouldnot requirelargeamountsof codeanderror-trapsin theconstructoritself; (7) wewould
like to beableto havepublicdatamembers,aswell asprivatedatamembers.

It is easyto seethatConway’sdesignonly satisfiesconsiderations(1), (3), and(arguably),(4) and(5).
Nigel Chapmanhaspresenteda similar method[4]. Chapman’s methodis alsoeffective,but doesnot satisfy(2) and
(6) above.
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Why Private Variables?

The useof privatevariablesandfunctionsis really the cornerstoneof object-orientedprogramming.Accordingto
object-orientedtheory, an “object” shouldhave its own dataandits own functions;it shouldreaditself, write itself,
draw itself, error-checkitself, etc. The object’s privatedataandfunctionsshouldbe thosedataand functionsthat
arenecessaryto theseprivateoperations;the public dataand functionsshouldbe thosethat usersneedto setand
call in orderto usetheobject;thesepublic dataandfunctionsaresaidto make up theobject’s interface.Many C++
programmerstake theapproachthatall classdatashouldbeprivateexceptfor thedatathatneedsto bepublic; that,
ideally, all objectdatashouldbeprivate,andaccessibleonly throughget/setfunctions.However, in practicethis ideal
is rarely accomplished,since: (1) very few objectsarecompletelyfree from “lateral” dependenceon otherobjects;
(asopposedto “vertical”, or inherited,dependence);(2) mostly, C++ programmersdo not botherto write getandset
functionsfor everysingledatavariable;(3) truly privatedata,in C++, introducesmany lexical, logical,andprocedural
complications;this is due to the large set of C++ keywords that are usedfor different typesof dataand function
protection.In Java, thesamekind of complicationsareintroduced,just fewer of them.This bringsusto thecontrary
position:

Why Public Variables?

Shouldall packagedatamembersbemadeprivate?In object-orientedtheory, aretherereasonsfor not error-trapping
datamembersof a packageby providing get/setsubs? In other words, creatingpublic datamembers,which can
be assignedto without any error-trapping? (Note that the$self hashstrategy givesus public datamembersin a
package.)Well, certainly! Herearefive reasons,andwe aresurethatreaderscouldprovide more: (1) error-trapping
is not needed;UNDEF fieldsarevalid (example:considera datafield called“Comment”thata usercanfill in during
thecourseof creatingsomedocument,wheretheedit box for entering“Comment”only allows128chars.);(2) error-
trappingwasdonein theuserinterface(examples:a float or integerfield which usercanonly enterwith a slider that
alreadyhasmin-maxvalues;an edit box that only allows characterentry; a dialog that will not accepta filename
unlessthe field is not NULL andthe file exists; etc.); (3) the settingof the data,andthe error-trappingof the data,
aredonein differentpackages;(4) thepackage’sdatamemberwasa copy of anotherpackage’sdatamember, andthe
otherpackagehaderror-traps(a specialcaseof ((3)); (5) you’re developingthe codeandyou don’t know yet what
errorconditionsshouldbeput on somedatamembers,etc.

Philosophical Basis for Privatization

In object-orientedtheory, therearethreereasonsfor privatizingdataandoperations:
(1) Organization,enforcedisolation, ”encapsulation”: Essentially, eachobject is a “library” of functionsand

associateddata(OR: dataandassociatedfunctions;dependingon the designrequirementsof the object. Although
objectsareusuallymodelledon setsof data,occasionallyobjectsneedto be modeledon a particularoperation.)If
objectsarewell designed,codewill be “modular”: relatively free from interdependencies,andeasyto debug since
objectoperationsarelimited in scopeto thatobject. This encapsulationallows internalrepresentationto bechanged
without affectingany usersof an object. Therearemany typesof objectsthatdo not fall into this library category;
however, theorganizationalprinciplestill applies.It canbearguedthatorganizationalconsiderationsareindependent
of privatization;thatis, wegettheorganizationalimprovementsof organizingcodeinto objects,whetherwemakethe
objectdataandfunctionsprivate,or not.

(2) Error-trapping:Sincetheinitialization andassignmentof privatevariablesis error-trapped,it shouldbeeither
difficult or impossiblefor aprogrammerto assignincorrectdatato theprivatemembersof anobject.Typically, theset
functionsassociatedwith eachdatamembershouldpreventassignmentto valuesthatarenotallowed.Thispreventsa
largeamountof possibleprogrammingmistakes.

(3) Paranoia: “ProgrammingCorrectness”:This appearsto be oneof the primary “philosophical” motivations
behindprivatedata.Thetheoryis thatprogrammers,who have to useobjectsdesignedby otherprogrammers,cannot
introduceincorrectdata,or incompatibilities,into the used/derived objectsaslong asthe baseobjectshave private
dataandfunctions.At its worst,thiskind of thinking leadsto thedelusionthatcorrectlydesignedobjectswill notonly
provide for every kind of error that might ever possiblyhappen,but also,that thesecorrectlydesignedobjectswill
neverneedto bere-designed.
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Theorganizationalanderror-trappingbenefitsof programmingwith objectsandhiddendataaregenerallyaccepted
as“Good Things” by programmers.Thethird consideration- which,aspointedout above, is basedon Programming
Correctness- is a sticky point thatgeneratesmuchdebate,bothformal andinformal.

Interestinglyenough,it canbe arguedthat privatedataandfunctionsdo nothingto increasethe extensibility of
anobject,andin factmayinterferewith it. Typically programmersextendobjectsby deriving new objectsfrom base
objects;the derived objecthaseverythingthe baseobjecthas,plus moreif needed,andthe baseobject’s functions
can be overwritten by the derived object, also as needed. In C++ this can be especiallyproblematic;if the base
object’s datais private(in C++, only visible to the baseobject)whenit shouldbe protected(in C++, alsovisible to
any objectsderivedfrom thebaseobject),theprogrammerof thederivedobjectcanfind thatit is impossibleto extend
the baseobjectasnecessary. Sincethe programmerof the baseobject typically doesnot know what future design
considerationswill bebroughtto bearuponobjectsderivedfrom thebaseobject,thiskind of “cut-off ” happensmuch
moreoftenthanit should;and,whenit does,theprogrammerof thederivedobjectscannotdoanythingexceptmodify
thebaseclass.(However, sometimesthismaynotbepossible;weprovidefor thiscasein ourderivedclass,Listing 3.)

However, we wouldstill like to getthebenefitsof hiddendataout of a Perlpackage,andespeciallywithout being
too strict aboutit. Here is an extensionof DamienConway’s Soldier class,which satisfiesmoreof the criteria
mentionedabove,andgivesussomeaddedbenefits,aswell:

Listing2: ExtendedSoldierpackage

#-----------------------------------------------------------------------
# Soldier.pl
# Sample package that illustrates Object Oriented data hiding by
# using a Perl "closure".
# Based on "soldier.pl" written by Damien Conway.

package Soldier;
$VERSION = 2.00;
use strict;

sub new { # CONSTRUCTOR for package SOLDIER
my ($class, %args) = @_; # hash "args" is values passed in

# Create a $self hash, init/add the one public variable to it :
my $self = {};

# Array of PUBLIC data member names; assign if passed in :
my @PublicNames = qw(SoldierName);
foreach my $attr (@PublicNames)

{ if ( defined( $args{$attr} ))
{ $self->{$attr} = $args{$attr}; } }

# Create anonymous subs and put refs to them into the $self hash :
my %PrivateHash; # this hash made permanent by closure
$self->{SoldierGet} =

sub { my ($attr) = @_; return $PrivateHash{$attr}; };

$self->{SoldierSet} =
sub { my ($attr, $newval) = @_;

my ($package, $filename, $line) = caller();
if ( $package->isa(’Soldier’))

{ return ($PrivateHash{$attr} = $newval); }
else

{ print "ERROR : illegal attempt to set ",
"a closed variable\n"; return; } };

# Alternate error trap:
# if ( $package->isa(’Soldier’) && $filename eq ’Soldier.pl’ )

bless $self, ref($class)||$class;

5



# An array of PRIVATE data member names; assign if passed in by
# calling the SAME NAME subs :
my @PrivateNames = qw(Rank SerialNumber);
foreach my $attr (@PrivateNames)

{ if ( defined( $args{$attr} ))
{ $self->$attr( $args{$attr} ); } }

return $self;
}

# These methods are the only way to access "private" object attributes
#-----------------------------------------------------------------------
sub Rank {

my ($self, $value) = @_;

# Only allow rank to be set to one of these values :
my @RankNames =

qw( Private Sergeant Lieutenant Corporal Major Captain General );
if ( defined( $value ))

{ if ( grep {$value eq $_} @RankNames )
{ return $self->{SoldierSet}->(’Rank’, $value); }

else
{ print "attempt to set rank to an non-allowed value\n"; } }

else
{ return $self->{SoldierGet}->(’Rank’); }

}

sub SerialNumber {
my ($self, $value) = @_;
if ( defined( $value ))

{ # Don’t allow serial number to be set to a negative value:
if ( $value > 0 )

{ return $self->{SoldierSet}->(’SerialNumber’, $value); }
else

{ print "attempt to set SerialNumber to less than 0\n"; } }
else

{ return $self->{SoldierGet}->(’SerialNumber’); }
}

sub DumpSoldier {
my $self = shift;
print "Name = ", $self->{Name}, ", Rank = ", $self->{SoldierGet}->(’Rank’),

", Serial Number = ", $self->{SoldierGet}->(’SerialNumber’), "\n";
}

#-----------------------------------------------------------------------
no strict;
package main;

my $s = Soldier->new(Name=>"Ryan",Rank=>"Private",SerialNumber=>"1000000");
print "\nSoldier after call to new = \n";
$s->DumpSoldier();

print "\nSetting the name, public variable\n";
$s->{Name} = "GI Joe"; $s->DumpSoldier();
print "\nSetting the rank, private variable\n";
$s->Rank("General"); $s->DumpSoldier();
print "\nSetting the serial number, private variable\n";
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$s->SerialNumber("1010101"); $s->DumpSoldier();

print "\nGetting the name\n"; print $s->{SoldierName}, "\n";
print "\nGetting the Rank\n"; print $s->Rank(), "\n";
print "\nGetting the SerialNumber\n"; print $s->SerialNumber(), "\n";

print "\nTest: trying to set private variable Rank via accessor\n";
$s->{Set}->( ’Rank’, ’General’ );

#-----------------------------------------------------------------------------

Get/Set Functions and the Same Names

In Perl it is easyto “collapse”thegetandsetfunctionsinto onefunction. If anadditionalargumentis passedinto the
function,it is a setoperation;else,it is a getoperation.This reducesour get/setnamespaceby 50%: only oneget/set
functionperdatamember.
Hereis anothersimplification:in theaboveexample,thedatamembershavethesamenamesastheirassociatedget/set
functions.Thesedatanamesarereally juststringsthatkey into the%PrivateHash hash,andthey arehiddenby the
Perlclosure.Theeffectof thisstrategy is to furtherreducethenamespaceof variablesandassociatedget/setfunctions;
again,reducedby 50%. By collapsingthe get/setfunctions,andusing“SameNames”,the effectivenamespacefor
datamembersandtheir get/setfunctionsis reducedby a total of 75%. Over thecourseof a largeprogram,this effect
is non-trivial: therearefewernamesfor aprogrammerto rememberor reference;thecodeis simpler, makingit easier
to write, debug,andmodify.
Additionally, we want to make surethat the accessorreferencereturnedfrom the “new” function cannotbe used
outsideof thepackage’s own functions. Conway shows ushow to do this: usethecaller function,which returns
the packagename,file name,andline numberof the calling function, from within a calledsub. By usingfunction
caller inside the accessorclosure,we cantell wherethe accessorwascalled from; one line of codesufficesto
eliminatecalls thatdid not comefrom insidepackageSoldier or a descendantpackage.Now our datamembers
aretruly private,i.e.,notvisible from outsideapackage,but easilyaccessiblefrom insidethepackage.As farascode
using(or calling)packageSoldieris concerned,theeffect is evenmoreamazing:thedatamembersof thepackageare
aseasyto accessaspublic variables,but they areactuallyprivate!
Fromwithin apackage’s functions,it is now moreinefficient to getaprivatevariablethana publicvariable:

$self->{SoldierGet}->(’Rank’); (aprivatevariable)
- is a functioncall plusa hashlookup;

$self->{Name} (a publicvariable)
- is only ahashlookup.Theoverheadfrom theextra functioncall is notverymuch,but if apackagefunctionneedsto
usea privatedatamemberin a loop, thefunctioncancreatea local copy to usein theloop:

my $localRank = $self->{SoldierGet}->(’Rank’);
- otherwise,justput$self->{SoldierGet}->(’Rank’) in-line, asyouwould put$self->{Name} in-line.
Now, functionsinsidepackageSoldiercanget/setany datamember;we don’t have to put error-trappinginsidethe
accessorfunction,asin the first example. Error-trapscanbe put wherethey belong,in the get/setfunctions. In the
aboveexample,datamemberRank is limited to a smallsetof allowablevalues,anddatamemberSerialNumber
is restrictedto valuesgreaterthan0; datamemberSoldierName hasno error traps. We do initialization in the
new sub,aswell: 1) for public datamembers,simply assignby keying into the%args passedin; 2) for privatedata
members,alsokey into%args, but call theSameNamesubsinsteadof assigning.If it wereadvisableto initialize any
datamembersthatwerenotsetin theconstructorarguments,thenwewouldcall aseparateinitialization functionnear
thebottomof theconstructor. This functionwould assigndefault valuesto any datamembersthatarestill undefined
aftertheconstructorargumentsareprocessed.
In thefirst versionof Soldier, thesettingof datamembersin theconstructoris not errortrapped.Theline of code:
@data{@attrs} = @args{@attrs}; # set member values to args values
- simply assignsto datamembersthe valuespassedin, without doingany error-checking.Note that thecall to new
makesuseof thePerl“hash” assignmentsyntaxin theargumentlist:
my $s = Soldier->new(Name=>"ryan",Rank=>"private",SerialNumber=>"1000000");
Our methodof calling theSameNamefunctionscatcheserrorsin theconstructorcall; for example,if theconstructor
wascalledwith argumentRank => ’General’, theline of codein thesecondexample:

7



$self->$attr( $args{$attr} );
- will call thesubRank with argument’General’, which will testtheargumentfor anallowedvalue.Notethatif
we disallowedor ignoredany argumentspassedin to theconstructor, usersof packageSoldierwould beforcedto set
datamembersoneby onewith theget/setfunctions.We wantedto avoid this, sincethehashassignmentsyntaxin an
argumentlist is standardPerl,andusingit for severalvariablesat onceis veryconvenient.
In the first example,Conway returned$accessor from the constructor, only to cut off accessto it from outside
(in ”Variationfor theParanoid”);what, thenis thepoint of returningit from theconstructor?In thesecondversion,
insteadof returning$accessor, we return$self; we have two accessors(onefor getting,onefor setting),and
we just plug referencesto thesefunctionsinto the$self hash.Theaccessorsarerestrictedasbeforesono userof
packageSoldiercancall themfrom outsidethepackage.PackageSoldier now hastwo hashesof datamembers:a
hashcalled%PrivateHash which containsall privatedatamembers,andthe$self hashthatwe areaccustomed
to using,whichwill containpublicdatamembers.

Improvements

Note that sincedatamemberName is now public, we didn’t provide a get/setfunction for it; usersof package
Soldier cangetor setdatamember“Name” directly throughthe$self hash.1) thegetaccessordoesn’t needa
“caller/isa” trap: any outsidecodecan“see” theprivatevariables,but still hasto go throughanerror-trapto setthem;
2) wehavebothpublicandprivatevariablesin packageSoldier; 3) wecanstill allow hashassignmentsyntaxin the
call to theconstructor, andthishashsyntaxcanbeusedfor bothpublicandprivatevariables,and,any privatevariables
in thehashsyntaxarestill error-trapped;(Notethat theuseof anInit function is recommendedby OOPexperts.)4)
privatedatais readilyaccessibleby all packagesubs,andall derivedpackagesubs.Note the easeof usingour new
packageSoldier:privateandpublicdatamembersarenamedin thesameway, andthedifferenceof accessingthemis
just trivial syntax:

$s->{Name} = "GI Joe";
- is anassignmentto a publicdatamember, while:

$s->Rank("General");
is a functioncall thatassignsa valueto a privatedatamember. This, afterall, is thepoint of our packagemodel: we
arewilling to put up with someextra lines of codein a package,if it makesthe calling codesimpler, morerobust,
andeasierto use;since,over thecourseof the largeILab project,we aregoing to have a lot morecalling codethan
packagecode.Theerror-trappingis all in thepackage;wedon’t haveto botherwith error-trappingin thecallingcode.

By-passing the Error-traps

As Conway haspointedout, a determinedprogrammercanstill bypassthe error-trappingin the setaccessor, by re-
openingpackageSoldier outsideof file Soldier.pl, andthenissuinga directsetcall asin thetestabove. Hereis his
example[1,p. 301-302]:

my $soldier = Soldier->new(name=>’Alexander’, rank => ’General’ );
package Soldier;
$soldier->(’get’, ’name’); # call the accessor directly

The main purposeof all this error-trappingand privatizing is not to “keepprogrammersout of” a pieceof code:
instead,it is to make it easierfor anyprogrammerto seewherea mistakesaremadeduringcodedevelopment.

On theotherhand,a more determinedprogrammermight extendtheerror-trapin theaccessorfunction,by using
thealternateerrortrap. Insteadof:

if ( $package->isa(’Soldier’))
{ return $PrivateHash{$attr} = $newval; }

use:

if ( $package->isa(’Soldier’) && $filename eq ’Soldier.pl’)
{ return $PrivateHash{$attr} = $newval; }
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Well, now themerelydeterminedprogrammeris in trouble: re-openingthepackagewon’t work anymore. Theonly
way to bypassthe error-trappingis to addcodeto the file Soldier.pl! But, that is the point: if a programmerhasto
modify a baseclass,then the programmershouldmodify the baseclass,but shouldnot do the modificationin an
outsidefile whereit is hardto find.

As pointedout above, it is a mistake to assumethat a baseclasswill never needto be modified. In our second
versionof Soldier, for example,the subRank doesn’t includeall possiblestringsdescribingRank, anda userof
packageSoldiermight well needto extendit. Of coursethis usercouldderive a new packagefrom Soldier, andgive
this derivedpackageits own privatevariablenamedRank, andoverwrite theRank sub;this might bepreferablein
someprogrammingsituations.

Derived Packages and Namespaces

Notethatthisadditionalerror-trapin theaccessorfunctionmeansthatderivedpackagescan’t usetheget/setaccessors
directly, either: like any otheroutsidepackage,a derivedpackagemustusethebasepackage’sSameNamefunctions
for thebasepackage’sprivatedata.In C++ andJava,derivedandparentclassescanhavedatavariableswith thesame
names:theclassnamespacesaredistinct. In Perl,thenamespacesituationis morecomplicated.

In C++,Java,andPerl,if aderivedobjecthasa functionwith thesamenameasafunctionin theparentobject,the
derivedobject’s function is saidto overwritetheparent’s function; i.e., thederivedobject’s function is calledinstead
of the parent’s function. In this situationit is often necessaryfor the derived object’s function to call the parent’s
function,aswell asto executeits own statements.In all of theselanguages,theparent’s functiondoesnot disappear,
but is still availablethroughthesyntaxParentName::FunctionName.

In Perl,if parentandderivedpackagesbothhavepublicdatamemberswith thesamenames,thederivedpackage’s
datamemberoverwritesthe parent’s datamember:this is becausethe parentandderived packagesaresharingthe
samenamespace,which in this caseis the$self hash.DerivedPerlpackagessharetheir parent’s datanamespace,
but thefunctionnamespaceremainsdistinct. As a result,Perlderivedpackagesthatwish to have their own data- in
additionto theparent’sdata- mustin their “new” functionscall theparent’s “new” function.For example:

package SoldierBoy;
use base qw( Soldier );
sub new {

my ($class, %args) = @_;
my $self = SUPER::new( %args ); # SoldierBoy gets Soldier’s data
$self->{Member1} = undef; # SoldierBoy’s public variables
$self->{Member2} = 10;
bless $self,$class; # re-blessing of $self
return $self;
}

Here,packageSoldierBoy is derived from packageSoldier; insteadof instantiating$self asa emptyhash,
SoldierBoy callsSoldier new, andusesthe returnvalueasits $self hash.SoldierBoy canaddasmany
valuesas it wantsto this $self hash;in this way, theSoldierBoy packagehasits own public data. Note the
danger, though: if Soldier alsohaddatamemberscalledMember1 andMember2, SoldierBoy’s initialization
of thesetwo memberswould wipe out thevaluesthatSoldier hadput in thesamemembers.If Soldier’s values
wereneededfor somereason,SoldierBoy would have to eithermake copiesof thosemembersunderdifferent
names,or re-nameits own memberssothat thereareno namecollisions.(Thefirst of thesealternativesis not a good
designapproach.)

Sinceour versionof Soldier hasbothprivateandpublic data,we would like a designwhereany packagede-
rived from Soldier canhave its own public andprivatedata,aswell. It is actuallyvery easyto accomplishthis.
SoldierBoy canhave its own get/setaccessorreferencesand%PrivateHash, in the sameway thatSoldier
does;theonly caveatis thatSoldierBoy mustnotoverwritetheparent’sget/setaccessorvaluesin the$self hash
that they share.This is why we have given long names- SoldierGet andSoldierSet - to the parent’s acces-
sor references:SoldierBoy will have to have similar uniquenames(SoldierBoyGet andSoldierBoySet)
so that thereare no namespacecollisions. Listing 3 illustratesa versionof SoldierBoy that overwritesoneof
Soldier’sprivatevariables.

Listing3: DerivedPackageSoldierBoy.pm
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#-------------------------------------------------------------------------
use Soldier;
package SoldierBoy;
use base qw( Soldier );
use strict;

sub new {
my( $class, %args ) = @_;
my $self = new Soldier( %args ); # call parent’s constructor

# Array of PUBLIC data member names, assign if passed in :
my @PublicNames = qw(PublicField);
foreach my $Name (@PublicNames)

{ if ( defined( $args{$Name} ))
{ $self->{$Name} = $args{$Name}; } }

# CLOSURE : accessor functions which make PrivateHash a permanent
# feature of this instance of this package
my %PrivateHash;
$self->{SoldierBoyGet} =

sub { my ($attr) = @_; return $PrivateHash{$attr}; };

$self->{SoldierBoySet} =
sub { my ($attr, $newval) = @_;

# Find out who called this anonymous sub; if not from
# THIS package or descendant, dump ’em out :
my ($package, $filename, $line) = caller();
if ( $package->isa(’SoldierBoy’) && $filename eq ’SoldierBoy.pm’)

{ return ($PrivateHash{$attr} = $newval); }
else

{ print "SoldierBoy ERROR : illegal attempt to set ",
"a closed variable\n"; return; } };

bless $self, ref($class)||$class;

# An array of PRIVATE DATA names; call Same Name functions to init
# private members to any values passed in :
my @PrivateNames = qw( Rank DateOfBirth HealthCode );
foreach my $Name (@PrivateNames)

{ if ( defined( $args{$Name} ))
{ $self->$Name( $args{$Name} ); } }

return $self;
}

sub DateOfBirth {
my ($self, $value) = @_;
if ( defined( $value ))

{ # Don’t allow DateOfBirth to be set to a negative value :
if ( $value > 0 )

{ return $self->{SoldierBoySet}->(’DateOfBirth’, $value); }
else

{ print "attempt to set DateOfBirth to less than 0\n"; }
}

else
{ return $self->{SoldierBoyGet}->(’DateOfBirth’); }

}

sub HealthCode {
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my ($self, $value) = @_;
if ( defined( $value ))

{ if ( $value eq ’OK’ || $value eq ’FlatFooted’ )
{ return $self->{SoldierBoySet}->(’HealthCode’, $value); }

else
{ print "attempt to set HealthCode to non-allowable string\n"; }}

else
{ return $self->{SoldierBoyGet}->(’HealthCode’); }

}

sub Rank {
# Derived class’s overwritten sub for setting OWN version of a PRIVATE
# VARIABLE

my ($self, $value) = @_;
# Only allow rank to be set to one of these values :
my @RankNames =

qw( Private Sergeant Sergeant-Major Lieutenant Corporal Major Captain General );
if ( defined( $value ))

{ if ( grep {$value eq $_} @RankNames ) # if value is in RankNames
{ return $self->{SoldierBoySet}->(’Rank’, $value); }

else
{ print "Soldier: attempt to set rank to non-allowed value\n"; }}

else
{ return $self->{SoldierBoyGet}->(’Rank’); }

}

sub DumpSoldier {
my $self = shift;
print "SOLDIER BOY dump soldier\n";
print "Name = ", $self->{SoldierName}, # parent’s public member

",\nSerial Number = ", $self->SerialNumber(), # parent’s private member
",\nRank = ", $self->Rank(), # own overwritten private member
",\nPublic field = ", $self->{PublicField}, # own public member
",\nDateOfBirth = ", $self->DateOfBirth(), # own private members
",\nHealthCode = ", $self->HealthCode(), "\n";

}
1;
#-------------------------------------------------------------------------

Thisderivedpackagehasits own publicdataandits own privatedata.In addition,oneof its privatedatamembers,
Rank, overwritesa privatedatamemberin parentpackageSoldier. NotethattheSoldierBoy constructorcalls
Soldier’sconstructor, passingin %args. InsideSoldier’sconstructor, whenthelinesof code:

my @PrivateNames = qw(Rank SerialNumber);
foreach my $attr (@PrivateNames)

{ if ( defined( $args{$attr} ))
{ $self->$attr( $args{$attr} ); } }!

areexecuted,insteadof calling Soldier’s Rank sub,SoldierBoy’s Rank subgetscalled. (Likewise, for
any othercalls insidepackageSoldier’s substo subRank.) In this way, SoldierBoy hasreplacedSoldier’s
privatevariableRankwith its own versionof Rank - andalso,of course,its own versionof the(SameName)Rank
sub. Theadvantageof this designfeatureis thata userof packageSoldier is no longerpreventedfrom replacing
a parent’s privatevariableif necessary. If this programmer-usercannotmodify the codein packageSoldier for
somereason,(e.g.,if theSoldier packagewasin somelibrary format,or theprogrammer-usercouldn’t modify the
distributableSoldier package)this featurecanbea life saver, sincethesinsof theparentareno longervisitedupon
thechildren(soto speak).
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Drawbacks

Of course,ourdesignmodelhasa few ”gotchas”.Herethey are:
1) theparent’s subsmustnot call theaccessorsdirectly exceptin theSameNamesubs;otherwise,thesecallswill be
accessingtheparent’sversionof theprivatevariable,not thechild’sversion.If thishappensit will probablyintroduce
subtlebugsthatwill behardto find.
2) if thechild wantsto overwritea parent’s variable,thechild mustnot only have its own variablein its own private
hash,it mustalsohave its own (overwritten)versionof theparent’sSameNamesub.
3) whenaparent’sprivatevariableis overwrittenin thisway, it couldeasilyintroducebugsinto theparent’ssubs,since
thevariablemaynow takeon valuesnot allowedfor in theparent’ssubs.
4) parentandchild packageshaveto haveuniquenamesfor theaccessorsubreferences.
This designmodelis somewhat”stif f”, i.e.,non-flexible, in thesensethatoncetheparentpackageis written this way,
the child packagesshouldfollow the samedesignmodel (although,they don’t have to). Overall, we feel that the
advantagesoutweightthedisadvantages.

Varieties of Packages

Now we havemany optionsavailablefor encapsulation.Our packagescanhave:
1)all privatedata(just don’t put in a$self hash,andreturnthe$accessor from theconstructor);
2) all publicdata(with the$self hash,this is thewaywe havebeendoingit anyway);
3) a mixtureof public andprivatedata,asin thesecondSoldier example;
4) privatedatathat is invisible from outsidethepackage(put thecaller error-trapin thegetaccessor, aswell asin
thesetaccessor)
5) privatefunctionsthatarenotcallablefrom outside(justput thecaller error-trapinsidethefunctionthatyouwant
to beprivate.)

Summary

By usingDamienConway’saccessordesign,alongwith collapsedget/setfunctions,SameNamenamingconvention,
anerror-trappedconstructor, andtwo datamemberhashes,we have a packagedesignthatgivesusprivatevariables
thatarestill easyto access,andpublic variablesaswell. This approachis not only robust,but alsogivesusa simple
packagedesignwithout sacrificingflexibility or requiringlargeamountsof code.In C++ andJava,makinga variable
or function private meansrestricting its lexical scope,without any error-trappingconsiderations;in our example,
”private”meanserror-trappedandlexically restricted.In addition,aderivedpackagecanoverwriteits parent’sprivate
data aswell asits parent’s functions(-provided that the basepackage’s subsonly accessthe privatedatamembers
throughtheSameNamefunctions,anddonot call theaccessordirectly.)
We proposeusingtheterm“closedvariables”to refer to datamembersthataremadeprivatein this way, sincethese
datamembersarenot really privateasin C++ or Java.
Overall, we expectthis approachto cut down developmentanddebuggingtime in additionto thespeedandeaseof
usealreadyofferedby Perl. Our opinionis thatPerl takesobject-orientedprogrammingto a moreevolvedlevel than
C++ or Java,sincePerl is just aspowerful, but doesnot havethe“decoration”of multiple keywords.

References

[1] DamienConway, “Object-OrientedPerl”, ManningPublications(2000),299–302

[2] JonOrwant,“Perl5 InteractiveCourseCertifiedEdition,” WaiteGroupPress(1998),Chapter7.

[3] L.Wall, T.Christiansen,andR.Schwartz,“ProgrammingPerl”, O’Reilly andAssociates,Inc. (1996)289–325.

[4] N.Chapman,“Hiding DataObjectswith Closures”,ThePerl Journal, Vol.4,No. 3, Fall 99,50-55.

12


